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eographic, gender, and age distribution of measles deaths in
ndia: estimates from a nationally representative study of over
2000 child deaths
. Morris1,∗, A. Khera2, P. Jha3
Hospital for Sick Children, Toronto, ON, Canada
Government of India, New Delhi, India
St. Michael’s Hospital, Toronto, ON, Canada
Background: Measles is an important cause of childhood
ortality in India, however, its true burden and sub-national dis-
ribution is unknown. India’s national measles mortality reduction
lan identiﬁed key information gaps to be the lack of information
n age, gender, and geographic distribution of measles transmis-
ionanddeaths.Ourobjective is to address thesegaps inknowledge
nd use a nationally-representative study of mortality to estimate
he number and distribution of measles deaths in children aged 1
o 59 months.
Methods: We used verbal autopsy data from the Million Death
tudy (MDS), which surveyed 6.3 million people in 1.1 million
ationally representative Indian households. Each verbal autopsy
as reviewed by at least two trained physicians who determined
he ﬁnal cause of death using ICD-10 classiﬁcation. The proportion
f MDS deaths caused by measles was applied to the gender and
ge speciﬁc number of childhood deaths from each region within
ndia.
igure 1. Measles mortality rate (per 1000 live births) 1 to 59 months and total
eaths distribution by region and gender. (Totals may not add due to rounding).nfectious Diseases 16S (2012) e2–e157
Results: There were a total of 758 measles deaths identiﬁed in
the MDS in children aged 1 to 59 months, representing approx-
imately 6% of deaths in this age group. We estimate there were
approximately 92 000 (99% CI 63 000 – 137 000) measles deaths in
India in 2005 representing a mortality rate of 3.3 (99% CI 2.3-5.0)
per 1000 livebirths. Themortality rate frommeasleswasnearly 70%
greater in girls than in boys. Approximately 60% of measles deaths
occur in 3 states, Uttar Pradesh (35 000 deaths, mortality rate 6.1
per 1000 live births), Bihar (11 000 deaths, mortality rate 3.7 per
1000 live births), andMadhya Pradesh (8 000 deaths,mortality rate
4.0 per 1000 live births)(Figure 1).
Conclusion: We address key gaps in knowledge regarding the
epidemiology of measles in India. Measles kills over 90 000 chil-
dren annually and girls are at much higher risk than boys. The
majority of measles deaths occur in a few states. The results of this
study clearly delineate the states and populations that must be tar-
geted for increased measles vaccination rates and a second dose of
measles containing vaccine in order to reduce overall, and gender
inequities in, measles mortality.
http://dx.doi.org/10.1016/j.ijid.2012.05.033
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Virus-speciﬁc incidence rates of hospitalization for severe acute
respiratory infections among children aged <5 years in rural
Bangladesh, 2010
S. Nasreen1,∗, S.P. Luby2, N. Homaira1, A. Al Mamun1, M.
Bhuiyan1, M. Rahman1, M. Rahman3, A.S.M. Alamgir3, A.
Fry2, S. Olsen2, P.K. Streatﬁeld1, M.-A. Widdowson2, E. Azziz-
Baumgartner2
1 icddr,b, Dhaka, Bangladesh
2 Centers for Disease Control and Prevention, Atlanta, GA, USA
3 Institute of Epidemiology Disease Control and Research (IEDCR),
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Background:Acute respiratory infections are one of the leading
causes of morbidity, hospitalization and mortality among children
in Bangladesh causing substantial economic burden to the fami-
lies. We conducted a longitudinal study to estimate virus-speciﬁc
incidence rates of hospitalization for severe acute respiratory infec-
tions among children in Matlab, a rural sub-district of eastern
Bangladesh.
Methods: From June through October 2010, we followed chil-
dren aged <5 years in 67 villages to identify those admitted to
hospital with cough, difﬁculty breathing with age-speciﬁc tachyp-
nea and/or danger signs (i.e. unable to drink/breastfeed, lethargic
or unconscious, vomits everything, convulsions, chest in-drawing
or stridorwhile calm). Study physicians collected demographic and
clinical information, and obtained nasopharyngeal swabs from the
hospitalized case-patients. We tested swabs for respiratory syn-
cytial virus (RSV), inﬂuenza viruses, human metapneumoviruses,
adenoviruses and human parainﬂuenza viruses 1-3 (HPIV) by
real-time reverse transcriptase polymerase chain reaction. We
calculated incidence rates of virus-speciﬁc hospitalizations by
dividing the number of new illnesses by the person-time each child
contributed to the study.
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Results: We followed 13,115 children for 284,501 child-weeks
nd identiﬁed 65 case-patients hospitalized with severe acute res-
iratory infections. The median age of the case-patients was 8.5
onths (interquartile range, IQR 3–15) and 44 (68%) were male.
ase-patients were admitted a median of 2 days (IQR 1–3) after
ymptomsonset andwerehospitalized for 4days (IQR3–6). Viruses
ere detected in specimens from 34 (52%) case-patients; RSV in 25
74%), HPIV3 in 6 (15%), inﬂuenza A viruses in 2 (6%), inﬂuenza B
irus in 2 (6%), and adenoviruses in 2 (6%) specimens. The over-
ll incidence rate of hospitalization associated with a respiratory
irus was 12/100,000 child-weeks. RSV was associated with 8.8
ospitalizations per 100,000 child-weeks, HPIV3 with 2.1/100,000
hild-weeks, inﬂuenza viruses with 1.4/100,000 child-weeks, and
denoviruses with 0.7/100,000 child-weeks.
Conclusion: Respiratory viruses, and in particular RSV, were
ommonly associated with hospitalization for severe acute res-
iratory infection among children in this rural setting during
une-October. In the absenceof affordable andeffectiveRSVspeciﬁc
nterventions, other strategies like handwashing and respiratory
ygiene should be explored as scalable prevention strategies in
ow-income settings.
ttp://dx.doi.org/10.1016/j.ijid.2012.05.034
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he epidemiology of pneumonia in a birth cohort of children
iving on the Thai-Myanmar border
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atthanaworawit1, N.Day3, N.White3, D.Goldblatt4, F.Nosten1
Shoklo Malaria Research Unit, Mae Sot, Thailand
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Institute of Child Health, London, United Kingdom
Background: There are an estimated 150 million episodes of
hildhoodpneumonia per year resulting inup to20millionhospital
dmissions and 1.9 million deaths, making pneumonia the com-
onest cause of death in children under-ﬁve. In order to tackle this
uge global health problem robust regionally speciﬁc pneumonia
pidemiology data must be known.
Methods: We did a longitudinal birth cohort study based in
aela camp for displaced persons on the Thai-Myanmar border.
99 mothers were enrolled during pregnancy and their infants fol-
owed from birth until 2 years of age. As well as routine monthly
isits the mothers were asked to bring their child to the clinic
uring an illness. Pneumonia was diagnosed using the WHO cri-
eria. All children with pneumonia had a complete blood count,
-reactive protein (CRP), nasopharyngeal aspirate (NPA) and chest
-ray (CXR) performed. Chest x-rays were interpreted using the
HO standardised method. PCR was performed to detect respira-
ory syncytial virus (RSV), adenovirus, Inﬂuenza A, inﬂuenza B and
uman metapneumovirus.
Results: There were 1,085 clinical episodes of pneumonia over
,495 child-years of observation, giving an incidence rate of 0.73
pisodes/child-year. The incidence of CXR primary endpoint pneu-
onia (PEP)was 0.22 episodes/child year andwasmore commonly
ound in children >1year (p<0.001). PEP was also associated withnfectious Diseases 16S (2012) e2–e157 e13
a neutrophil count >7.5x109/L and a CRP ≥40mg/L (OR 2.41;
p<0.001).
A virus was detected in 61.3% of pneumonia episodes, most
commonly RSV. Adjusting for age, RSV was associated with more
severe clinical disease (OR 2.18; p=0.007) and the presence of other
inﬁltrate on CXR (p=0.001).
Usingamultivariatemodel, havingamother<18years (p=0.001)
and a small volume of living space per person (p=0.03) were found
to be risk factors for pneumonia. Distance to next house (p=0.04)
was a risk factor for multiple episodes of pneumonia and distance
from stove to the infants bed (p=0.03) was a risk factor for PEP.
Conclusion: The study demonstrated a high incidence of pneu-
monia in this population with a particularly large burden of
viral-associated infections. Important risk factors for developing
pneumonia were both maternal and infant age and also living con-
ditions.
http://dx.doi.org/10.1016/j.ijid.2012.05.035
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Spatial and temporal dynamics of dengue in southern Vietnam
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1 Oxford University Clinical Research Unit, Ho Chi Minh City, Viet Nam
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3 Pennsylvania State University, University Park, PA, USA
4 Institute Pasteur, Ho Chi Minh City, Viet Nam
5 Ecole Normale Supérieure, Paris, France
Background:Dengue epidemics of variablemagnitude and geo-
graphic distribution occur annually in southern Vietnam. Detailed
analyses of spatial and temporal trends may further our under-
standing of the underlying determinants of dengue transmission
dynamics, and may help to improve tools for predicting the timing
and magnitude of dengue epidemics.
Methods: We analysed a monthly time series of hospitalized
dengue cases reported to the Vietnamese national dengue surveil-
lance program from the southern 19 provinces of Vietnam, from
2001 – 2010. Wavelet analysis was used to explore the periodic-
ity in dengue incidence. Differences in the phase of annual cycles
were calculated to investigate the synchrony of dengue epidemics
between provinces and districts, and the association between
dengue and climatic factors.We used a linearmodel to quantify the
relationship between dengue incidence during the inter-epidemic
period and the magnitude of the following epidemic.
Results:Between2001and2010, a total of592,938denguecases
were reported from the southern 19 provinces of Vietnam, corre-
sponding to a median annual incidence of 232 cases per 100,000
population (annual range 78 – 288/100,000, and range by province
and year 5 – 810/100,000). In terms of per capita incidence, sub-
stantially higher epidemic peakswere reached in provinces outside
Ho Chi Minh City than in the city itself. The annual peak occurred
consistently later in HCMC (∼2 months) than in other provinces,
and annual epidemics were initiated in multiple and variable loca-
tions. Wavelet analysis identiﬁed a strong annual periodicity, but
a less marked multi-annual cycle. The incidence of dengue during
annual epidemics (April – December) was signiﬁcantly positively
